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Thin wall high strength balloon and method of manufeeture, 

A balloon for use In medicai proceduree such as In 
latation catheter in which the balloon is fonned from a tubular 
thin wall parison of orientable semlorystallfne polymer 
(polyethylena terephthaiate being preferred) wNoh ie stretched 
very cIosb to the elastic limit of the material and Is then heat set. 
The balloon thus produced is extremely strong and lias a very 
thin and higly flexible wall and Is dimensionally stable both in 
storage and when inflated. The preferred balloon has a wall 
thickness to diameter ratio of less than 5.0 x 10^ and a radial 
tensile strength (hoop strength) greater than 35.000 pal. 
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Description 

THIN WALL HIGH STRENGTH BALLOON AND METHOD OF MANUFACTURE 



FIELD OF THE INVENTION 

5 This invention relates to improvements in balloons used in medical procedures such as in dilatation 
catheters. 

BACKGROUND OF THE INVENTION 
This invention concerns balloon dilatation procedures in which a catheter carrying a balloon on its distal end 

10 is placed within a body cavity of a patient and Is inflated to dilate the cavity. The procedure is commonly 
employed to dilate a stenosed artery, and is often performed to dilate obstructed coronary arteries. U.S. Patent 
4.195,637 to Gruntzig discloses one type of dilatation catheter having a balloon at its distal end and adapted to 
perform a dilatation procedure. The balloon is intended to have a maximum inflated diameter. Typically, the 
physician will select a catheter having a balloon with an inflated diameter corresponding to the Inner diameter 

15 of the unobstructed blood vessel adjacent the stenosis to be treated. Dilatation procedures also are 
performed in other portions of the body, as in valvuloplasty, in which a dilatation balloon is placed and Is 
Inflated within a patient's heart valve to dliatate the commissures which have become immobile due to 
calcification, adhesion or other causes and to permit the valve to function more effectively. 
Dilatation balloons have been made from various materials including polyvinyl chloride, polyethylene and, 

20 most recently, polyethylene terephthalate, as described in U.S. Patent 4,490,241 to Levy. 

It Is desirable for a dilatation balloon to have several features. The balloon should have a thin wail so that It 
can fold down closely about the catheter shaft to a low profile, thereby enabling the deflated balloon to be 
inserted into and removed through narrow stenoses and passageways. In heart valve dilatations, rt is important 
that the large dilatation balloon be capable of folding down closely to the catheter shaft in a low profile, to 

25 facilitate percutaneous entry of the catheter into relatively small diameter arteries and passage of the catheter 
through those arteries, into the aorta and toward the heart valve to be treated as well as when removing the 
catheter. The balloon also should not be stiff, as stiffness detracts from the ability of the balloon portion of the 
catheter to bend as it is advanced through tortuous passages, a characteristic sometimes referred to as 
"trackability". Low stiffness (high flexibility) also is important to enable the balloon to be folded easily within the 

30 patient's body when the balloon is deflated and advanced or withdrawn, in this regard, it should be understood 
that the balloon when deflated, typically tends to collapse to form a pair of wings which, if not sufficiently 
flexible, will not fold or wrap easily about the catheter body as the deflated balloon catheter is advanced or 
withdrawn against body tissue. The balloon also should have a sufficiently high burst strength to enable it to 
Impart sufficient dilatation force to the vessel to be treated. However, because different procedures and 

35 diliferent size vessels require balloons of different diameters, the burst strength for the different balloons 
required for the different procedures may vary considerably. This results from the fact that the dilating force of 
a dilatation bailoon increases as a function of the diameter of the balloon, without requiring a corresponding 
increase in the Inflation pressure. Thus, the larger the diameter of the bailoon, the lower its burst strength may 
be while still developing sufficient dilatation force. For example, a 20 mm diameter balloon used in valvuloplasty 

40 procedure need only have a burst strength of about 3 to 6 atm whereas a 3 mm balloon used in the dilatation of 
small coronary arteries may require a burst pressure of 10 to 20 atm. Larger diameter balloons do not require 
as much internal pressure to create the same dilating force, therefore, there are many dilatation balloons In 
which high burst strength is not advantageous. 
Another desirable feature of dilatation balloons is that they should be dimenslonaliy stable, that is, they 

45 should retain their size and structural integrity during storage and, when inflated, should not exhibit excessive 
radial expansion beyond the nominal inflated diameter. 

The dilatation balloons of the prior art have been deficient in one or more of the foregoing characteristics. 
For example. Levy Patent 4,490,421 relates to a balloon intended to have a high burst pressure with low radial 
expansion when placed under pressure. Balloons made according to the Levy '421 patent, however, are 

&) neither sufficiently thin wailed nor flexible, and are not sufficiently dimensionaily stable during Inflation or when 
stored. The balloons may shrink during storage and, consequently, will not inflate to the nominal diameter 
expected by the physician and required for the particular procedure. 

it is among the general objects of the invention to provide improved dilatation balloons and a method for 
their manufacture which provides superior properties of thin wails, flexibility and high strength as well as full 

55 dimensional stability both in storage and when inflated. 

SUMMARY OF THE INVENTION 

In accordance with the invention, the balloon is formed from a tubular thin wail parison of orlentabie 
semicrystaillne polymer (polyethylene terephthalate being preferred) which is stretched very close to the 
60 elastic limit of the maten'al and is then heat set. The balloon thus produced Is extremely strong and has a very 
thin and highly flexible wall iand is dimensionaily stable both In storage and when inflated. Thus, it is among the 
objects of the Invention to provide dilatation balloons having superior properties of thin walls, high tensile 
strength and dimensional stability. More specifically, it Is among the objects of the invention to provide 
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dilatation balloons having radial tensile strength (hoop strength) greater than 35.000 psi. It also Is among the 
objects of the invention to provide dilatation balloons and dilatation catheters having low profiles wfth superior 
trackablllty and balloon foldablllty. Also among the objects of the invention Is to provide a method for making 
such balloons. The invention thus provides for a method for making a family of such balloons which display the 
foregoing properties and which are usable In a variety of medical procedures. 5 

DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantages of the Invention will be appreciated from the following 
further description with reference to the accompanying drawings wherein: 

FIG. 1 is an illustration, In section, of a multi-part jacketed mold having the balloon fonned within the fO 
mold and Illustrating the tubular parison in phantom; and 

FIG. 2 shows the difference in dimensional stability between the balloon made in accordance with the 
invention in which the balloon is heat set and a balloon which omits heat setting. 

DESCRIPTION OF THE PREFERRED EMBODII^ENT fs 

The balloon may be formed in a mold as illustrated In FIG. 1 which Includes a mold body 10 having an Internal 
bore which defines the intended dimension of the finished balloon, indicated at 12. and a pair of end members 
Including a fixed end member 14 and a movable end member 16. Both end members Include outwardly 
tapering portions 14A. 16A, respectively, which merge into smaller diameter end bores 14B. 1QB, respectlvBly. 
A water Jacket 1 8 having Inlet and outlet ports 23, 24 surrounds the moW 1 0. The moW parts are fonned from a a? 
material, such as brass having good heat conductivity. 

The mold receives a tubular parison, Indicated In phantom at 20 in FIQ. 1. The paison 20 is gripped at its 
ends which extend outwardly of the mold, one of the ends being sealed and the other erid being connected 
securely to a source of fluid (such as a gas) under pressure as by a fitting 22. TTie damp 21 and fitting 22 are 
mounted, by means not shown, to enable them to be drawn apart axlally so as to Impart an axiai stretch to the ^ 
parison 20. 

The parison Is formed from an orlentable semterystalllne polymer such as polyethylen© torephthalate (PET). 
In accordance with the Invention, the parison is dimensioned with respect to the Intended final configuration of 
the balloon. It is particulariy Important that the parison Is relatlveiy thin walled and that It is highly oriented bafaig 
stretched radially close to the elastic limit of the material at the Inner surface of the tube. The wall thickness is 30 
considered relative to the Inside diameter of the parison tube. The present Inventton relates to thin waJisd 
parisons which have wall thlckness-to-lnside diameter ratios of less than 0.5 and. preferably between 0.46 and 
0.09 or even lower. The use of such a thin walled parison enables the parison to be stretched radially to a 
greater and more unifomi degree because ttiere Is less stress gradient through the from the surface of tlw . 
inside diameter to the surface of the outsMe diameter. By utilizing thih wall starting parisons. there is less .3S 
difference In the degree to which the Inner and outer surfaces of the tubular parison are stretched.. By 
maintaining a lowered stretch gradient across the wall of the parison. It Is possible to produce a more uniformly 
and more highly oriented balloon having tensHe strengths substantially higher than those of the prior art. 

Orientation takes place at an elevated temperature, as controlled by a heat transfer fluid, such as hot water, 
circulated through the water jacket. The PET parison preferably is drawn axlally and whHe being so drawn, is 40 
expanded radially within the mold. The orientation takes place at a temperature between the first and second 
order transition temperatures of the material, preferably about 80* 0-99° C and more preferably at about 90" C. 
The tube is drawn from a starting length L1 to a drawn length U2 which preferably Is between 2.5 to 6 LI. The 
tubular parison. which was an Initial intemaJ diameter ID1 and outer diameter 0D1 Is expanded by gas emitted 
under pressure to the parison through fitting 22 to an Internal diameter IDg which preferably Is 6 to 8 ID1 and an 4S 
outer diameter OD2 which is about equal to or preferably greater than 4 OD1. The expanded balloon then is 
subjected to a heat set step in which steam is circulated through the Jacket 18 at a temperature above the 
stretching temperature and between 110**C to;Z20**C and preferably about 130°-170**C and is maintained for a 
fraction of a second or more, and preferably between about 5 to 30 seconds sufficiently to increase the de^ee 
of crystallinlty in the balloon. The heat setting step is significantly In assuring dimensional stability for tfie SO 
balloon, both during storage and also under inflatton pressures. After the heat set step, the mold is cooled to a 
temperature less than the second order transition temperature of the material. The balloon thus formed may 
be removed from the mold by removing the end piece 16 and withdrawing the formed balloon from the moW. 

The degree of radial stretch In the resulting balloon Is very close to the elastte limit of the material (at the 
inner surface) and, preferably is within 1 00^ of the maximum achievable radial expansion for the material under 55 
the process conditions used. The high degree of orientation strengthens the balloon to tensile strengths of 
more than 35,000 psi and as high as 90,000 psl or more. This Is to be compared with the prior art PET baBoons 
described In the Levy '421 patent In which the highest tensile strengths achieved were approximately 34,000 
psl. The resulting balloons are characterized by a very high ultimate tansiie atrsngth. a very thin arKi tilgWy 
fiexible balloon wall and dimensional stability in storage as well as under inflation concfftions. For exan^, eti 
balloons made In accordance with the invention have a waU thickness to balloon dtemet^ ratio (T/D) of the 
order of 6 x 10 -3 to 8 x 10 with tensile strengths as high as 90,000 psl. 

Table 1 below Illustrates the T/D rattos for finished balloons of the present Inventfori In comfwlaon wfth T/0 
ratios for prior art balloons. Data for the balloons identified A-E wefB taken from Levy patent 4,480.421 for She 
con-espondlngly designated baHoons in that patent. S6 
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TABLE 1 

WALL THICKNESS (T) /BALLOON DIAMETER (D) RATIO 



PRIOR ART 



A B C D E 

T .028 mm .038 mm .028 mm .038 mm .045 mm 

D 3,7mm. 5.0 mro 3.7mm 5.0mm 6.0mm 

T/D 7.57 X XO**^ 7.6 x lO'^ 7.57 x lO'^ 7,6 x lO'^ 7.5 x lO'^ 



PRESENT INVEWTTQW 



r G H I 

T .0l3t> mm .0054 mm .00806 mm .00X6 mm 

U 3.0 nun 3.0 mm 20.0 mm 20.0 mm 

T/0 4.53 X 10"^ 1.8 X 10"^ 4.03 x 10"^ 8.05 x lO*^ 



The balloons of the present invention display a remarkable increase in flexibility as compared to the prior 
PET balloons (Levy '421 patent). Flexibility is a function of the cube of the wall thickness, assuming all other 
variables, such as balloon material, balloon diameter, etc. are held constant. Table 2 illustrates the effect on 
flexibility of the thinner balloons of the present Invention as compared with those of the prior art. 

TABLE 2 



Prior arc (Lew) Saab Disclosure 

Radial Radial Improvement in 

burse Tensile Hall Relative Tensile Wall Relative Flexibility Over 

PttfSsure Strength Thickness Stiffness Strength Thickness Stiffness Prior Art 

(Bars) (psi) (mils) (t3) (psi) (mils) (t^) t^.T^ 

T^ 

(%) 



45 



5 


34.000 


0.13 


0.0022 


90.000 


0.04B 


O.OOOIl 


1.900 


10 


34.000 


0.2s 


0.016 


75.000 


0.114 


O.OOIS 


1.000 


IS 


34.000 


o.sa 


0.054 


65.000 


0.20 


0.0077 


600 


iO 


34.000 


o.so 


0.127 


52.000 


0.33 


0.036 


250 


25 


34.000 


0.63 


0.249 


40.000 


0.53 


0.15 


65 



SO 

From Table 2 it can be seen that for balloons having burst pressures up to about 25 bars, the relative 
stiffness of the balloons of the present Invention is far less than that of the prior art PET balloons. The flexibility 
of the balloons of the present Invention, considered as a function of the cube of the thickness (t^) of the 
ss balloons far exceeds those of the prior art. In the data presented in Table 2, the radial tensile strength was 
calculated at burst pressure. Wall thicknesses were calculated using the well known pressure vessel equation 

Sc = 2t 

where Sc Is the radial tensile strength. P is the burst pressure and D is the diameter of the balloon and t is the 
wall thickness. Wall thicknesses similarly where calculated and the thicknesses were cubed to provide an 

QQ indication of relative stiffness. 

FIG. 2 shows the effect of the heat set step In the practice of the Invention and compares the dimensional 
stability in storage as well as when inflated of a balloon which has been heat set (curve A) to one which has not 
been heat set (curve B). Both balloons were formed In a cylindrical mold having a diameter of 0.117", under 
Identical conditions of temperature, time and pressure except that the heat set balloon was subjected to the 

OS heat set procedure as described above. The other balloon was cooled following the radial expansion, without 
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any heat set. The ballpons were removed from th^ir molds and were permitted to renialn in amjpjient condltlgnsf 
(20^0 for 48 hours. The balloons then wer^ tested by Inflating them under Increasing pressures 
measuring the balloon diameter as the pressure vya? Increased, Asf ahown In FIQ. 2. tb(? hsat 9at bj^llpon. wh§n 
nominally Inflated to remove wrinkles (about 10 psij had a diameter of abput 0.1 16'. reflecting a ehnnkaig^ of 
0.001". By contrast, the non-heat sealed b^lpon showed a nominal djanieter of 0.1060. Indicating ^ V^FV * 
substantial diametral shrinkage of 0.011". As the pressure was Increased, the heat set ballc^n shp^^d 
relatively steady and slow yielding, reaching 5Q/o radial expansion at about 170 psi. In contrast, the non-h^at^et 
balloon displayed very substantially yielding and radial expansion in the range of 50 {o 100 p3l, reaching gflft 
radial expansion at about 85 psi. 

The superior properties of balloons made In ?u:cordance with the invention niay be appreciated fyrther frprn 10 
the "FS" characteristics of the balloon. In oriented polymers the tensjle strength at SPftj plongatlon referred tp 
as "F5". FIG. 2 jllustrates, on curve A, the point on vyhlch a bailoofi made in accofdanM witih the Inyf9nfipn 
achieved 5o/o radial expansion, in curve A the F6 point occurs at afcJput 170 psi Infiatton prQss|4re. Thg h^lQQPi 
reflected In curve A is the balloon Identified aa balloon Q In Table 1 (and In Example 2 balcna^), having a 
thickness of 0.0054 mm and a diameter of 3.0 mpn. From the pF^asur^ vessel equation, the radlaJ t^^pJj8 1$ 
strength at 50/o radlai expansion Is calculated tp be 47,600 psi. That Is cpntrastecf wljh the priqr art (Levy '4^1) 
balloons In which the maximum tensile strength achievable to burst Is of the order of 34,000 psI. Thys/tha 
present Invention proyldea for F5 radial tenaHa strengths greater than 3p,0(X| pal. 

The following examples Illustrate several balloons which may be made In the range qf kjallogps aphleyabla in 
accordance with the prasent Invention. .a? 

Example 1 

A tubular parison was extruded from high molecular weight PET homoppiyestar resin having an Initial 
intrinsic viscosity of about 1 .04. The parison had an Inner diameter qf 0.429 mnfi, ah outar diameter of 0.78^ rpm. 
a wail thickness of 0.180 for a wall thicknass-tq-ip ratio of 0.42. Tha parlson ms atrotched axl^iy WW ?S 
stretched 7X ID and 3.8X OD to form a 3.0 mm Jjalloon having a wall thlckpesa oif 0.6l3emm. The ballqgn xm 
heat set. The balloon had a burst pressure of g4 bars (23.7 atm) and a calculated radial tensile strength pf 
about 38,900 psi. This balloon corresponda tp the ttaiioon desjgnateci -F" |n Tajble i. 

Example 2 3p 

A parison was formed In the manner described above In Example 1 to have an Inner diameter qf 0.429 mm 
and an outer diameter of 0.638 mm, having a parison wall thickne^s/ID ratio of 0.26. The parispn was stretchapl 
axiaily 3.3X. was stretched 7X ID and 4.7X OP to produce a heat set 3.0 mm balloon having a wall thicknesa of 
.0054 mm measured burst strength of 15 bars (14.8 atm) and a calculated radlai tensile strength of about 
61,250 psi. This balloon corresponds to balloon Q in Table 1. ' 35 

c 

Example 3 

A parison was fonmed in the manner described above In Example 1 to have an ID of 2.86 mm and an op of 
3.39 mm. with a wail thlckness/ID ratio of 0.09. The parison was stretched at 90" C in an axial direction 3.75X 
and radially 7X ID and 5.9X OD to produce a heat set 20 mm balloon having a wall thicknass of .00806, a 40 
measured burst strength of 5 bars (4.9 atm) and calculated radial tensile strength of 91.200 psi. This ballpen 
con-esponds to balloon H In Table 1. 

It should be understood that the foregoing cjescriptlon of the Invention is intended merely to be Illustrative 
and that other embodiments and modlflcatlona may be apparent to those skilled In the art without departina 
from its spirit. ^ 

For example, the preferred aromatic linear polyester described for making balloons In accordance with th 
invention Is polyethylene terephthalate derived from an aromatic dicarboxyllc acid or Its derlvatlvea as a main 
acid component and an aliphatic glycol as g main glycol component. This polyester Is a melt extrudat^la 
orientable semicrystalllne polymer that can t^a fabricated Into a variety of fonned structures. Typical axampfea 
of other aromatic dicarboxylic acid polymer© that meet these criteria utiliza materials such as terepthaJlc a$id, * 
isothallc acid, napthalene dicarboxylic acid, together with aliphatic polymethylenq glycols having two tp tan 
carbon atoms. Among these are ethylene glycol, trimethylene gjycol, tetramettiylene glycol, peniamethWana 
glycol, hexamethyiene glycol, cjldecamethyiene glycol and cyclohaxane dlmethanol. 

Having thua described the Invention, what I desire to dalm and secure by letters patent Is: 



Claims 



55 



1 . A blaxially oriented, flexible, polymeric balloon having a wall thickness to diameter ratio of laae than 60 
5.0 X 10 -3 and a radial tensile strength greater than about 35,000 psi. 

2. A balloon as defined in claim 1 wherein the radial tensile strength Is betwjsen 36,000 and ?Q,oq0 pal. 

3. A balloon as defined In claim 1 wherein said balloon has a byrat atrength c?f up to aboi^t 25 t)ara. 

4. A blaxially oriented, semlcrystalUne, flexible polymeric ballQon having a radial tanalle etrength areater 

than about 36,000 psi. • « ^ 
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5. A balloon as defined in claim 4 having a burst strengtli of up to about 25 bars. 

6. A balloon as defined in any claims 1-5, said balioon being heat set 

7. A balloon as defined in any of claims 1 -6 wherein the polymer comprises polyethylene terephthalate. 

8. A dilatation catheter having a shaft portion and a balloon portion, the balloon comprising the balloon 
5 of any of claims 1 -7. 

9. Biaxiaiiy oriented, flexible, polymeric balloon heat set having an F5 radial tensile strength greater than 
30,000 psi. 

10. A method for forming a biaxiaiiy oriented flexible polymeric balloon comprising providing a thin walled 
tubular parison of orlentable semicrystalline polymer having a wall to Inner diameter ratio of less than 0.45; 

10 at a temperature within the range extending from the second order transition temperature to the first 

order transition temperature, drawing said parison axialiy to a length which Is 2.5 to 6 times the starting 
length thereof and thereafter expanding the drawn tubing radially to an internal diameter which is six to 
eight times the initial Internal diameter of the parison into an outer diameter which is equal to or greater 
than about four times the starting outer diameter of the parison, and while maintaining the balloon in said 

15 expanded state, raising the temperature of the balioon above the stretching temperature to raise the 

crystalline content of the balloon material, followed by cooling the drawn, expanded and heat set tubing to 
temperature less than its second order transition temperature. 

11. A method as defined In claim 10 wherein the expanding means is pressurized fluid applied to the 
inside of the tubing. 

20 12. A method of claim 10 v^erein the polymer comprises polyethylene terephthalate. 
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